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.lbstract: Coluntn-mounted jib crane is one of tlrc most fi"equently utilized crane n'pes
. .t the producti.on facilifies. Hence, there are a wide variet); of designs, according to nlanr
. :nt requirenrcnts abotrt li"fring height, span, paylsctd capacifi;, drive options, etc. Orte c,i'
' .)sr cansidet^ed design crileri.a is the deJlection, v,ltere the crane structlrre is strb-ie:r:i;:
- .'! pavload capacil1, at the maxintum span. The paper presents tlrc numerical s(,it!.ti.,t:.- ''
. :.lec/ion. obiained b1t the finite dffirence method (FDM) and ltLlTL-L9 cc,tie. ;,:-, .::

-;r'ison ttith tlte analytical models proposed by severa.l authors and tite.iiriiie e.:.,.:'.:
,es iFEA). Tlte comparison betv'een presented nunterical solution and otlter iz:l' ,-:-i .,

. je.for tlte deflection of the jib tip. Obtained results qre vei! close ro sonte ;,r;.. i,--..
: ttnd especially to the FEAresults. The advan.tages and shortcontings ol'rlie f7.t,irlr:.J-
-;:h are git:en in the conclusion.

\ TRODUCTION
-:i. 

cranes are used for load handling in a circular working space, u,ith a frequeni
;: of load fi'om one place to another. They are suitable for applications requiring
i e liliing and transferring of loads rvithin a fired arc of rotation. Coiumn-mounted jrb

, s hiqhl), efficient hoisting equipment, rvith low space requirement for installation, r'ery
:r3rS! efficient and easy to control during operation. The most commonly used jib

i, :ra\,e the payload capacity up to 5 tons and span up to 6 meters.
-- properly designed jib crane should increase the material handling efficiency and

- ,.1 the work flow. Modern industry requires versatile, flexible and cost effective
- .. handling equipment, with increased productivity. The requirements are usuaily
, - :r payload capacity, span, lifting lreight, drive options, etc. Therefore, jib cranes are

- : u'jth many designs, according to specific requirements. Nevertheless, the main pafls
. ;'pical colunn-mounted jib crane are the column, the boom or the jib, the boorn

,eg and the hoist u,ith trolley, u,hich mor,es along the boorn of crane. However. a

,::rr feanire of the jib crane is its static and dynamic stability, dependent on the
. :r of the strucrure [1,2].

v-1

33TerHl{.t npoqec B

:':op Ka6leruxon",
l-r. C..2018 r.
ts3lllle Ir MepKIr 3a

;autle ,,Mexanrra
.iine),2018r.

,ROCESS IN A
\AVIGATION
I-ERSITY OF

qtcnagetnert' qualin

- rtcling najors of ilrc
: -.'tt cart'i€d oul in Ih€

-; :t el oPntertt haYe beer: 
-

., trho hatte g'aduatea

'',i :t lLctster's deg ee i':

-;ttJ Logistics has beer

'.a\'een tl'rc educationa

: : Bachelor's deg"ee lr
,: in Technolog' ar;
'''th full -time educaic'':
' tlte Problent tt'ith ri.,:

-j:e and the emPlote^rs

''t-tnd. ort the role oJ r''e

.'t of the education o;.
::!'tn. logistics and oti:s

. -t dt r ate s tudent s f"onr
:, :Ircd through sutne\.s



Since the -]ib cranes are the most widespread cranes in industrial facilities, manyresearchers tried to simplif,, the model and quickly define the basicof the cranes. FEA moders of the:1r..-., certainry gir. th.;;;;rflifffitJr:i:T[,rJrff;and dimensioning, but also require lorg..,i-" to set up the calcuration rnodel.Very often during the designing,ih" ,ru"irru,, a"n."ti* oi,rr. 1it crane boom tip is acritical criterion. Hence,.it it i"".ir*y;" deremine;;t;p;; expression for the boomdeflection, based on which it ir porriit.'todefine the b;;;;i;.rers of rhe crane. In such
Iri'..'nt 

basic geometric pa'ameters can be calculated qriJfrr'*,rrlch shortens the design

The analysis of stress and deformation_ state for the jib crane with different cross-

,Xl:l1rl.^ 
performed in paper [3]. FEA results and experimental tests u,ere used to validate

Besides the 3D model anarysis, the research can be successfulry conducted uponsimplified line models [a]. The ttutl" urJ avnamic analys., or aiire."rt design solurions ofthe jib cranes were performed in [5], using severai soft*,ar. pu"kug"r. The goal of the analysis\\as 10 reduce the nrass and the,t."ir.. an"d to i,rcrear. rr#;;;;;.r.i.r.
The paper [6] presented the analyical verification of the laieral-torsional behaviour ofthe steel web tapered tee-section cantilevers. The check of th; -;;;l and the obtained resulrswas perfomed through FEA.
The elastic lateral-torsional behaviour ofthe cantilever is analysed in [7]. The obtainedresults in rhis research can be easily apprieJ in the design ofth;;;;; ofthejib crane.The analysis of stresses and dehections of thJlib 

".ur"-rtru.trre fbr different u.ebthickness and web height was performed in 1s1. st*"tuie locations 
'"itl, 

,ruri,rrrrn deflectionand regions with maximum stresses were detenlined.

wr,",3ff',i;T',3lT#:ffi#H?ltY,evorutionary argorithm was carried out in [e].
Further on, the optim.ization of the Jei_eth of boom suppoft reg, which conrects the jibwith the corunn, rvas canied out in [10]. Tiis anarysis *rr'p..r"fied by FEA. The papershowed rhe influence of the height g, t, irr. a.nection of the structure.

"brrirl:.ljlr1t]i"tl; 

a;atrsis u,as performed with different ,yp., oi i*t,e elements in order ro

Stress and deflection anarysis u,as perfomred trrrough FEA in [12]. Firstiy, alter usinganalrtical erpressions, the density 
"f ;;J was corected. In the second phase of thecalculation. the hei-sht and thickness of the rG were varied.

In ihe first part of [13J, the analysis of stresses and deflections \4ras perfomred by usingFE \' In the second part, the analysis oi-individual parrs fb; ;; connection r.r,ith thetundatrenr lras carried out.
L sin-e FEA and the direct integration rnethod, the dynamic responses of the jib cranes::r::il"e ln r.ertical and horizontal directions were considered in [14]. Forced vibration::!:rnses of the jib stmcture due to the action of equiuur*i .ou*irffo..., were determined,',,::i; the rnass matrix was time_dependent. 

-^-

in the paper [15], integratea FEa of rahole jib crane model was established and arm-side:-:l:;ri.rn lomula for this type of crane ,;;;.. rvas derived.
. The paper [16] gave refined expression for the deflection ofthe.lib crane boom tip,.:\.:S lnto account the acfual load position at the 'e' end of tlie boom.
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2. EXISTING ANALYTICAL SOLUTIONS FOR TIIE DEFLECTION OF TIIE

COLUMN-MOUNTED JIB CRANE STRUCTURE
Fig.1 shows atlpical design of the column-1o*untea jib crane structure.

T

L

=
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Fig.1 - The column-mounted jib crane

According to one approach fror,tr [12], the deflection of ilre boonr can be ;a1--ui;'.; .s

.he superposition of tire 
'deflection 

cauieC by the for:ce (concentralec load :t i1-r: er-': : ':=

:oorn) and tl,re deflection from the boonr self-t,eight, u.hile negiecting ttre rnil;ei;- ,.: ': =

:olumn deforrlation:

. -f Lf - 
F,'Lo' -Qr'L*o '

-J( ,"- 3.E.l,r g E./,(
',r here:
- =y.lV,.g-n,^\'g
' - the classification class coefficient,

r r - the dFamic coefflcient which represents the influence of load oscillation in tlie r.enical

:1 ane,

) the payload capacity of the crane,
I,.. - tlre mass of the trolley with the hoist,

,-. r.- - moment of inertia of the boom,

- ,; -weight per unit length of the boorn girder,

Nertanalyticalsolution,presentedin[15],tookintoaccounttheeffectofthecolumn
..eformation on the deflection of u'hole structure' u'hile the self-weight of the boom was

:,eglected:
(

- r t -t^l-/sTJl -'5 
I\

,. here:
: - Ir]ofll€flt of inertia for the boom,

'"1 = Ft. Lr.

M.(H - H1l2)2

E . 1,.,

F,'Lrt
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I+ t/)

v-3

:ties, many
fiese tYPes

;alculation

,om tiP is a
: the boom
:ne. ln such

, t}-re design

-3rent cross-

c to vaiidate

.rlrcted upon
.olutions of

l the analYsis

:ehar,iour of
:arned results

The obtained
lrane.
oii-ferent web

un.r deflection

:d out in [9]

:nnects the jib
: \. The PaPer

:ts in order to

i11'. after using
phase of the

rmed bY using
;tion u'ith the

:i the jib crane

..rced vibration
:re determined,

:d and arm-side

;rane boom trP.



ru 
- 

r - 
I :

rrHr

Goveming differenti

: ) __M,(r,) __l
Ff

- -:e B;:EIt is column b
Bending moment alc

- ^t , D r-_ 1:-ltt 4a t ll/l
Lising following trar

\ v rvrl
tlr

I s-

: - i8) gets the new form

r:re i is a node number
Boundary conditionr

- - 0r - 0

1

C

+

s

Fig.3 -

dt y,(r,)
tu,'

md
:. =i.s

Also, the following expressions for the deflection, suitable for the use in engineering

practice, 
"an 

b" found inhe technical literature and many projects:

(u'ru-H,tzt'\ , F, L'

J,-r,-y*-'uI E.],, ) 3.E.t,.r

_ Fr.t
( H - 2. H, t 3t - a*- l*, - 11' + r'' ro,]

)'L'l'.L

or
(4)

r-{t{J"-JsTJr' t.l

;urnsidered ln [16].

q'here
,]

\t=F L'"
2

it can be noticed that the self-weight of the boom is not taken as a member in

.\:ressiLrn 1br the deflection, but only its influence on the moment of bending'
'-''-rr.';;;; 

inut tt.,. u"t"ur roua position is not at the very end of the boom (Fig'2)

Fig.2 - Calculation model u'ith a Ioad offset

Hence, the following expression for the deflection was proposed:

, . ( M rH -Hlli\, - F, L^' fl:l' [r-l]:ll-1^:t'''J,,=tcl-- EJ- )''r- o.t i,^ lr,'l L- [t^,']_] 8 E 1,/
\ "',s

In this expression, all mer,nbers rvho have influence on tlre deflection of total

(5)

are present.

3. NUMERICAL SOLUTION BY FDM
Nun,rericalsolutionforthedeflectionofthecolumn-mountedjibcraneStfl]cture

derir ed b1' FDM and its model is presented in Fig' 3'

Statrc equrlibrium yields the following expressions for reaction forces and moments:

a,L-
r, =F -q-L+q,H M.t=FL*T=', Rc=F+q:L (6)

.,i here r7 and q: are the u,eights per unit length of the column and the boom respectivelv'

In addition. the bendiig mtment in point c can be r,',ritten as follou's:

1t 1

I

I



M,. = F,H,=> Ft=+(rt.+) (7)
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\tr,
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Fig.3 - The model of the structure for the numerical solution l-r' FD\I

Governing differential equation for bending of the column is

'\ (:, ) M,12,\ llt (:,\

1.,' EI, 81

,ere B 1--EI 1is column bending stiffness'

Bending moment along the column is:

! | z, ) =*M r+ F,[,, -( H - H t)]
Using following transformations introduced by FDM

rS,

d'yr(rr)
s-2uLl

:rd
. - I'J

Y ,-2Y *I*,

(e)

(10)

(11)

(12)

domain.

(13)

2
,s

, - i8) 
-sets 

the new form

- 2Y, +Y'-' 
= -!l -M., + F, Iis - ( H - H, )]]

,s- B,

: :re i is a node number and s is the dir,ision distance of the elastic curve futrction

Boundary conditions for the displacement and the slope in support point A

-- =0)=0
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I'( --r =0)-0
after transformation in algebraic fonn yield the follou'ing expressions

Io=0

(11)

(1 s)

(16)

where upper index'f'means it is a displacement of a fictitious node

c,rrve domain). Aftei introducing designations for characteristic nodes

ard C:H/s, tie elastic curve of the column can be represented by

algebraic equations:

\4 s1j=0+),= '
1D
-Dl

l\4 .s1t\_ \' s
= -- 

I T1.--
D

D1

1V

2s

i = ) - B-1 -+ 4-, -2Y, +Y,*, =
M,,"

Bl

(the node out of the

ordinals B:(H_H)/s
the following set of

(1 7)

(1 8)

(1e)

(21)

(23)

(24)

(2s)

"2
i = B + C - 2 -+ Y,-, - 2Y, + Y,., = * lM, - F,[is - (H - /1, )]]

.o'
i = c -7 ) Yr-. - 2YC-, + Y,- = l-lM, - 4 (1/, - s)l' B, '

Goveming differential equation for bending of the boom is:

d'y.(2.) M,(.2.) M.(rr)
dr.' EI. B.

wherc B::EIt is boom bending stiflness'

Bending lnoment along the boom is:

(20)

(22)

M.(:-t--h4c+Rez:- 4zzt
2

Using previous transformations introduced by FDM and

z,=(i-C)'s
eq. (21) gets the form as follou's

+ -- t {-At *Rrri-.L')s-
B. 

I

.. ^,: 2q.(t-L ) s

2,,
Boundary conditions for the displacement and the slope of the boolr elastic curve in point

depicted in Fig. 3,

-r'.(2.=0)=0
Jr'(z: = 0) = a
s'€re traosformed into the following algebraic form

f. =0
(29)

v-6

(26)

(21)

(28 )

- \'_\ )c

_ tl Hl

-,,J ,:.:::,ii;Lng designation for characteristic node ordinalsN:D:(H+L)/s' the elastic

. .-. ::,:,t:l can be represented by the following set of algebraic equations:



Mrt'
B2

(30)

(3 1)
c2

, 
= C+l -+ -2),._, * Ic_: = -it-M, -sR, -

,b)

1

4zs

2
)

2

= C +2+D-1 + Il_, -2Y, +r- =-it- M,. + Rr(i-C)s -1 t') 
B^,

I

q.(i - C)'1s'.
(32)

2

,.pressions (17+21) and (30-32) form the system of N:(L-rH)/s algebraic equations, rvith

.; node disp'lacernents (Yr,i:1,...,tr) as unknowns, rwhere the displacement 1u is actua\ the

::jlection oi the boom tip of the column-mounted jib crane. Written in a matrix equation

:nl, this system is the base for writing the MATLAB code [17]'

J. COMPARISON OF THE OBTAINED RTSULTS AND THE RESULTS FROM

E\ISTING ANALYTICAL MODELS AND FEA
For the results comparison pulpose, the example of the existing design solution of the

, lumn-mounted jib crane in [16] u,as considered. Its payload capacity is 500 kg and the span

, i :3000mnt the total mass of the trolley and lioist is 40 kg and classification class is 2. The

, .unrn height is H:3900ntnt and boom support leg height is HF721nutr. The column is

,,de of pipe u,ith the diameter 355.6mm and the u''a11 thickness 5.6mm, u'hile the boom is

.rdard ippZZO beam. Also, FEA using SAP2000 and CATIA softu'are from [16] u'ere used

: ilre results comparison.
Table 1 shows the resuits of the boorr tip deflection according to Eq. (1), (2). (3). (1).

. FEA from [1 6] and the results obtained by presented approach.

Table 1

5q.(l

).64 mnt

CATIA

21

r CONCLUSIOI{S

Based on the results shou.n in Table 1, it can be concluded that the presentec alp:.-rr:
, :t_s FDM yielded very accurate result for the boom tip deflection of the column-mour,iei -ir'r
-.re. A1so, as stated in [16], the deflection of the column must be taken into account.

:-tuSe it significantly affects the value of the deflection of the boom. The advantage oi
-:::nted approach is that it can successfully handle the cases u'ith non-uniform cross-

--.ions of the structure elements. Also, it gives the displacements of points along tlie u'ho1e

-'..rure, not oniy the displacement of the boom tip. Further on, this solution can give the

::jndence of the deflection (or the slope) in any point of the structure on any input

-, lretric or load parameters. On the other hand, the shoficoming of this method is that jt

,..s some more effort and time to su,itch from differential to algebraic domain of the
-- :.lem and to transform the mathematical model in a form suitable for programrning.
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Krttortoeu dvttu: .t,ounlalcnla Ko.ttoHa, ct1'tpeno6u KpaH. omKtloHeHue (3aebptttaue)'

.vemod ua xpailuunte Pa3nuKu
Pesruue: Kpauam, VloHlllupaH Ha KojloHa' e eduu otn, uai,t-qecnlo u3noJ37aHunle eudoee

KpaH 6 npouseodcntonrurrn cb'opblceHufl. C]tedoeame.\Ho, ut4a lo'qtLlvto pasuoo1pasue om

iusailuu, 6 Cbont6et11ctl16u.e c MHO\O pL3ttuttHu u3u.cK\aLtufl 3A 6UCO11UHA Ua noedueaue'

ctSxectnt, Kanal4umem. HA nofie3Ho Hatl1o6ap6aHe, on.4uu sa sa.deuctaaHe u tn',H KAnaryumenl

t]pu 14AKCU.t4(L|lHufl oSxeanl. B ctnamuntna e npedcntaaeHo ttuc-leHomo peweHue 3a

,)tll'roHeHltento, nory,leHo upes ttentoda uo *pai,*i*e pa3'tuKu (FDM u MA,TLAB xoo' u

,1e2o6Otl'tO CpAilHeHUe c aHLtUtllUUUUme .uodel.u' nped.toct.eHu ot11 HtlKo':tKo aSnloptt' t!

rHaittya ua xpailuunte enet4eHmu (FEA). Cpaeueuuento .ttetrdl' rtped1ttaeeuottlo 41tC.1tic'

.)etueHlte u dp1,ru nodxodu e Hat'tpa\eHo 3a oruKnoHeHil€tllO 'o '"!t::-_ 
ti.5 

'11 ,t.-'::Jt1 
'a

-.]o.llue{urue p$y.,rl]rlamu ca.MHo?o 6:tusl.:t,t do unxou aHo...iill17il\Hlt.\t()oe.1li 1r !.j,1 r-

-rri,rnrrrru*i om FEA. B sar:'uou.euue ca dadeuu npeoult'-'ttt::it7?Q il r!!o't-il:iti.'''"'"" '-'

.'.n o( u, or# u f 171/0x oa.

v-9

]I. 3/2 ISSN

,lPT,2001

;r er beam of
lri15), Vol3,

r.1015
: constructive
Irends in the

TurkeY, 26-30

red tee-section

Lq of restrained:ln.

..nal journal of

rr Evoiutionary
iR), volume 3,

::e Standing Jib

\-olume 4, Issue

',e Deflection: A
irent, Volume 2,

:rnational Journal
.i 89

ralvsis of column

-s 
and Technology

:ifect on dYnamic

)r. pp. 115-121'

iratic Stiffness and

:ies, Voltune 522'

l.uparative analYsis

rib crane structure'

rber 12-14, (2017)'

r - s-954-323-837
.1011


